Introduction
Late Paleozoic to early Mesozoic terranes in the western United States ( fig. 1 ) record westward expansion of continental crust by accretion of volcanic arc lithosphere. While authors agree that accretion of these late Paleozoic to early Mesozoic terranes records Mesozoic westward expansion of the Laurentian margin, significant controversies remain unresolved, including the origin of these terranes as either far-traveled or fringing-arc successions and the timing of their accretion to western North America as either before or after Late Jurassic time (e.g., Davis et al. 1978; Harper and Wright 1984; Wright and Fahan 1988; Oldow et al. 1989; McLelland et al. 1992; Hacker et al. 1995; Moores et al. 2002; LaMaskin 2007, 2008; Dickinson 2008; Ernst et al. 2008; Hildebrand 2009 Hildebrand , 2013 Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2014 LaMaskin 2012; Sigloch and Mihalynuk 2013) .
After decades of research in the accreted terranes of the Blue Mountains province (BMP) of eastern Oregon and western Idaho (figs. 1, 2), two contrasting end-member tectonic models for the Jurassic tectonic setting and evolution have emerged ( fig. 3 ). The first model ( fig. 3A) proposes Early-Middle Ju-rassic noncollisional double subduction, followed by Late Jurassic offshore arc-arc collision (Dickinson 1979 (Dickinson , 2004 Avé Lallemant 1995; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2012 . We use the term "collision" specifically for convergent plate interactions in which buoyant crust is drawn into a trench zone, effectively jamming subduction, which leads to crustal shortening, thickening, metamorphism, and uplift (sensu Cloos 1993; Dorsey and LaMaskin 2007; Dickinson 2008) . A second model ( fig. 3B ) proposes Early-Middle Jurassic accretion of the previously collided BMP terranes to the western North American margin by closure of a marginal basin, followed by postaccretion outboard subduction in the BMP (e.g., LaMaskin 2007, 2008; LaMaskin et al. 2008 LaMaskin et al. , 2011a LaMaskin et al. , 2011b LaMaskin 2012) .
In this article, we present new U-Pb geochronology and mudrock Nd isotope compositions from Early and Late Jurassic rocks of the BMP (figs. 1, 2, 4). These data place important new constraints on the timing and style of Mesozoic terrane evolution and accretion in this region with implications for the dynamic early Mesozoic tectonic setting of western North America. We show that early Mesozoic westward growth of Laurentia occurred by tectonic accretion of previously amalgamated arc terranes prior to 160 Ma, significantly earlier than proposed in previous models for the Blue Mountains. Our new data also permit direct correlation to other terranes and basin-fill successions of similar age along the western US Cordillera and provide new insight into the tectonic evolution of subduction plate margins.
Geologic Setting
BMP Terranes. The accreted terranes of the BMP (figs. 1, 2) include island arcs and arc-related basins that formed in proximity to the North American craton (Olds Ferry, Izee, and Baker terranes) and offshore from North America (Wallowa terrane). The Olds Ferry and Izee terranes are the most inboard (farthest east in restored coordinates) of the LaMaskin et al. (2011b) and modified to include data presented in Garwood et al. (2008) , Northrup et al. (2011) , Schwartz et al. (2011a Schwartz et al. ( , 2011b , Kurz et al. (2011) , Žák et al. (2012) , and Anderson (2013 A, Early-Middle Jurassic noncollisional double subduction, followed by Late Jurassic offshore arc-arc collision (Dickinson 1979 (Dickinson , 2004 Avé Lallemant 1995; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2012 . B, Early-Middle Jurassic accretion of the previously collided BMP terranes to the western North American margin by closure of a marginal basin, followed by postaccretion outboard subduction in the BMP (e.g., LaMaskin 2007, 2008; LaMaskin et al. 2008a LaMaskin et al. , 2011a LaMaskin et al. , 2011b LaMaskin 2012 BMP terranes and contain Permian?-Jurassic plutonic, volcanic, and volcaniclastic sedimentary rocks (figs. 2, 4). In the Olds Ferry-Izee succession, Late Triassic sedimentary rocks contain abundant ArcheanPaleozoic detrital zircon grains derived from recycled late Paleozoic arcs, whereas Jurassic deposits contain abundant Proterozoic-Mesozoic grains sourced from continental rocks to the east (LaMaskin et al. 2011b) . Enriched sedimentary trace element compositions and pre-Mesozoic detrital zircon U-Pb ages indicate that Olds Ferry-Izee Jurassic-age arc-related basins received continentally sourced sediment, supporting the interpretation that they represent a continent-fringing volcanic arc system (LaMaskin et al. 2008a (LaMaskin et al. , 2011b Tumpane 2010; Kurz 2010; Northrup et al. 2011) . The Baker terrane subduction-accretionary complex separates the Wallowa and Olds Ferry-Izee terranes and represents deformed Olds Ferry-Izee forearc crust and the associated accretionary prism (fig. 2; Brooks 1979; Dickinson 1979; Ferns and Brooks 1995; Schwartz et al. 2010) . Rocks of the Baker terrane display both juvenile and evolved isotopic compositions (Schwartz et al. 2010 ) and contain Archean and Proterozoic detrital zircon grains (Alexander and Schwartz 2009) . The Baker terrane is Dorsey and LaMaskin (2007) . See Dorsey and LaMaskin (2007) for additional data sources. Note that formation time ranges are plotted according to new data presented in this article. CA-ID-TIMS p chemical abrasion isotope dilution thermal ionization mass spectrometry; CH p Coon Hollow Formation; DC p Doyle Creek Formation; HW p Hurwal Formation; LA-ICP-MS p laser ablation inductively coupled plasma mass spectrometry; MBLS p Martin Bridge limestone.
widely considered to be correlative to similar rocks of the Cache Creek terrane in British Columbia (e.g., Kays et al. 2006; Wyld et al. 2006) .
The Wallowa terrane includes Permian-Early Jurassic arc-related rocks and occupies an outboard (oceanward) position relative to other terranes in the BMP (fig. 2) . Permian-Triassic rocks of the Wallowa terrane show relatively flat rare earth element patterns and negligible Eu anomalies, suggesting that during most of the Triassic time the Wallowa terrane did not receive sediment from continental sources and likely represents a juvenile, intraoceanic volcanic arc (LaMaskin et al. 2008a (LaMaskin et al. , 2008b Kurz 2010 Vallier 1977 Vallier , 1995 Goldstrand 1994; LaMaskin et al. 2008a; Kauffman et al. 2009; Schmidt et al. 2009 ). The CHF has traditionally been considered the uppermost unit of the Wallowa terrane and therefore is commonly believed to be allochthonous relative to North America (Vallier 1977 (Vallier , 1995 .
BMP terranes may have been affected by unknown amounts of dextral-transpressive displacements during Mesozoic time, as inferred from regional paleomagnetic inclinations, geologic correlations, and kinematic fabrics preserved in regional plutonic rocks, calling into question their original paleolatitude (e.g., Wyld and Wright 2001; Housen and Dorsey 2005; Wyld et al. 2006) . Different tectonic reconstructions have relied on different amounts of displacement: (1) !100 km of displacement (e.g., Dickinson 2004 Dickinson , 2006 Gray and Oldow 2005) implies that during preCretaceous time the BMP was outboard of an enigmatic Pacific Northwest continental margin and that the history of this margin has been subsequently obscured by pluton emplacement and Cretaceous shortening; (2) ∼400 km of displacement juxtaposes the Triassic-Jurassic western US fringing arc complex of the BMP (Olds Ferry terrane) with island arc and back-arc basin rocks of northern Nevada (Black Rock terrane and Auld Lang Syne Group in western Nevada; e.g., Oldow 1984; Wyld and Wright 2001; Wyld 2002; Wyld et al. 2003 Wyld et al. , 2006 LaMaskin et al. 2011a) ; and (3) 11000 km of displacement (e.g., Housen and Dorsey 2005, after 94 Ma) places the BMP at the approximate latitude of southwestern Arizona and northern Mexico adjacent to the Jurassic continental arc (Saleeby and BusbySpera 1992; Dickinson and Lawton 2001) .
Salmon River Fold-Thrust Belt and Western Idaho Shear Zone. In western Idaho, the Wallowa terrane is structurally overridden by the Salmon River foldthrust belt, and the inboard Baker, Izee, and Olds Ferry terranes of the BMP appear to be absent because of regional tectonic truncation ( fig. 2) . The Salmon River belt is a zone of strong crustal shortening and thickening that consists of greenschist to amphibolite facies rocks exposed in a belt of topto-the-west thrust nappes where the metamorphic grade increases eastward to higher structural levels ( fig. 2 ; e.g., Lund and Snee 1988; Selverstone et al. 1992; Getty et al. 1993; Gray and Oldow 2005; Blake et al. 2009; Gray et al. 2012 ). The western structural boundary of the Salmon River belt is the Heavens Gate fault, an east-dipping thrust fault that was reactivated as a down-to-the-east normal fault during Tertiary extension (Gray and Oldow 2005; Blake et al. 2009; Gray et al. 2012) . The Heavens Gate fault directly juxtaposes hanging-wall greenschist-grade tectonites of the Salmon River fold-thrust belt against unmetamorphosed to low-grade footwall rocks of the Wallowa terrane, including the CHF. Rocks in the Salmon River fold-thrust belt appear to be metamorphosed equivalents of BMP supracrustal rocks (Baker, Izee, and Olds Ferry terranes), although protolith ages and terrane affinities remain poorly understood (e.g., Lund and Snee 1988; Blake 1991; Selverstone et al. 1992; Getty et al. 1993; Gray and Oldow 2005; Lund et al. 2007; Blake et al. 2009; Schmidt et al. 2013) .
The Salmon River fold-thrust belt is bounded on the east by the western Idaho shear zone ( fig. 2 ), a narrow, subvertical zone of tectonized Late Cretaceous-Early Tertiary plutons coincident with a sharp Sr i -isotopic boundary that defines the edge of the preaccretion North American continental margin (Armstrong et al. 1977; Giorgis et al. 2005) . Late Cretaceous deformation in the western Idaho shear zone resulted in sharp structural and isotopic truncation of the North American margin and completely obscures original contact relationships at the convergent margin between accreted terranes of the BMP and the North American craton (Lund and Snee 1988; McClelland et al. 2000; Giorgis et al. 2005 Giorgis et al. , 2008 Blake et al. 2009 ).
Jurassic Tectonic Setting. The traditional model ( fig. 3A) for the Middle-Late Jurassic tectonic setting of the BMP consists of (1) Early-Middle Jurassic noncollisional offshore subduction beneath the facing Wallowa and Olds Ferry arc terranes and (2) Late Jurassic offshore collision of the Wallowa terrane with the Olds Ferry, Izee, and Baker terranes (Dickinson 1979 (Dickinson , 2004 Avé Lallemant 1995; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2014 , followed by (3) later accretion of the amalgamated Blue Mountain terranes to the western North American craton ca. 128 Ma during strong crustal shortening and peak metamorphism in the Salmon River belt (Getty et al. 1993; Schwartz et al. 2011a) . Age constraints for Late Jurassic deformation come from the youngest detrital zircons in deformed sedimentary rocks of the Izee terrane (ca. 159 5 2 Ma) and crystallization ages of postkinematic plutons (ca. 154 5 1 Ma) in the Baker terrane (Schwartz et al. 2011a) . Plutonic rocks in the Baker terrane bracket this time frame and record a transition from low Sr/Y magmatism ca. 162-157 Ma to high Sr/Y magmatism ca. 148-145 Ma, which has been interpreted to represent crustal thickening due to arc-arc collision (Schwartz et al. 2011a (Schwartz et al. , 2014 . A different tectonic model ( fig. 3B ) involves (1) Late Triassic-Early Jurassic offshore collision (amalgamation) of the Wallowa terrane with the Olds Ferry, Izee, and Baker terranes and (2) Middle Jurassic accretion and collision of the previously amalgamated Wallowa-Baker-Olds Ferry-Izee terranes to the western US plate margin, followed by (3) Late Jurassic postaccretion outboard subduction (e.g., LaMaskin 2007, 2008; LaMaskin et al. 2008a LaMaskin et al. , 2011a LaMaskin et al. , 2011b LaMaskin 2012 ). This second model proposes that collisional tectonics played a significant role in the development of the BMP but that collision was complete by ca. 160 Ma (earliest Late Jurassic).
A long-standing point of agreement in the geology of the region has been correlation of the CHF in Hells Canyon (Wallowa terrane) with Middle Jurassic Izee terrane rocks of the John Day Oregon region(e.g., Pessagnoand Blome 1986; Whiteet al. 1992; Dickinson 2004 Dickinson , 2008 LaMaskin 2007, 2008; LaMaskin et al. 2008a ). This correlation has led to the interpretation of a regional Middle Jurassic sedimentary overlap assemblage (Blue Mountain collisional basin, Izee basin) as evidence for preMiddle Jurassic amalgamation of the Blue Mountain terranes.
In contrast, the age of accretion of the Blue Mountain amalgamated arc terranes to western North America remains a long-standing point of contention, with interpretations ranging from ca. 165 to 118 Ma, an uncertainty of 45 m.yr. (e.g., Lund and Snee 1988; Selverstone et al. 1992; Getty et al. 1993; Snee et al. 1995 Snee et al. , 2007 Gray and Oldow 2005; LaMaskin 2007, 2008; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2014 . Early work interpreted ca. 118 Ma ages on deformed hornblende from the Salmon River fold-thrust belt as metamorphic crystallization ages, suggesting that suturing (collision) of BMP terranes and North American continental rocks occurred between ∼118 and 95 Ma during regional metamorphism, crustal shortening, thickening, and mountain building (Lund and Snee 1988 ). In contrast, Selverstone et al. (1992) argued that the ca. 118 Ma age is a cooling age. They concluded on the basis of geothermometry and geobarometry that (1) deep tectonic burial of Blue Mountain terranes via underthrusting beneath the North American margin occurred during Early Cretaceous time ca. 130 5 5 Ma and (2) rapid exhumation and cooling due to detachment and sinking of mantle lithosphere began ca. 120 5 5 Ma. Selverstone et al. (1992) also suggested that collision-related thrusting in the Salmon River fold-thrust belt may have been under way as early as 160 Ma. On the basis of Sm-Nd dating of garnet, Getty et al. (1993) proposed that two distinct metamorphic stages are recorded in Salmon River rocks: (1) the Blue Mountain terranes were amalgamated offshore prior to ca. 144 Ma, and (2) regional peak metamorphism in the Salmon River fold-thrust belt was reached ca. 128 Ma. Subsequent 40 Ar/
39
Ar studies in Idaho have been interpreted to suggest that the oldest deformation in the region occurred ca. 130 Ma (Snee et al. 1995 (Snee et al. , 2007 . Finally, a U-Pb age of 136 5 1 Ma on a deformed pluton in the hanging wall of the Heavens Gate fault has been interpreted to reflect post-136 Ma accretion (Gray et al. 2012; Gray 2013) .
Field-based stratigraphic and structural analysis has been used to argue that pre-Cretaceous docking of the Wallowa terrane is recorded in widespread Late Jurassic contractional structures bracketed between 157 and 145 Ma (Gray and Oldow 2005) . In this view, Late Jurassic accretionary deformation is superposed on an earlier deformation history in the Salmon River fold-thrust belt that is related to structural closure of a fringing arc (Izee-Olds FerryBaker terranes) and a now-consumed back-arc basin in Oregon and Idaho (Gray and Oldow 2005) .
Stratigraphy of the CHF. At its type locality (figs. 2, 4, 6A), the CHF is divided into three conformable map units: (1) basal volcaniclastic sandstone and limestone-clast conglomerate (∼20-60 m thick), (2) volcaniclastic lower flysch unit (∼80 m thick; figs. 5B, 7A-7C), and (3) chert-rich upper flysch unit (∼300 m thick; figs. 5C, 7D; Morrison 1963; Goldstrand 1994) . The lower flysch unit at the type locality has been assigned an early Late Jurassic, Oxfordian age (ca. 163.5 5 1.1 to 157.3 5 1.0 Ma) on the basis of the ammonite Cardioceras (Scarburgiceras) martini collected ∼125 m above the contact with the underlying Seven Devils Group (table 1) .
At the Pittsburg Landing locality (figs. 2, 4, 6B), deposits traditionally mapped as the CHF are divided into three units: (1) red tuff unit (∼120 m thick; figs. 5D, 6C), (2) fluvial unit (∼420 m thick; figs. 5D-5F, 6C, 7E), and (3) marine unit (∼100 m thick; fig. 6C ; White 1994; White and Vallier 1994) . The red tuff unit is lithologically dominated by pink volcaniclastic to epiclastic, monomict sandstone and conglomerate; includes welded tuff in its upper parts (White 1986) ; and is overlain by polymict brown sandstone and conglomerate and yellow-weathering mudstone of the fluvial unit along a moderate angular unconformity (figs. 5E, 6B, 6C, 7F). The fluvial unit is gradationally overlain by black shale and mudstone of the marine unit, which in turn grades upsection into chert-rich volcaniclastic sandstone ( fig. 6B,  6C ). The marine unit contains a fauna including coral taxa identified by Stanley and Beauvais (1990) as Middle Jurassic in age (Bajocian, 170.3 5 1.4 to 168.3 5 1.3 Ma). Thus, the transgressive, fluvial-to deep-marine CHF has traditionally been regarded as Middle to early Late Jurassic in age (BajocianOxfordian; ca. 170.3 5 1.4 to 157.3 5 1.0 Ma; fig. 8 ; table 1). Here, we present evidence that clearly contradicts this interpretation and demonstrate a robust Late Jurassic depositional age for the CHF.
A fourth unit, the turbidite unit of the Coon Hollow Formation (White and Vallier 1994) , is present on the Oregon side of Pittsburg Landing (figs. 4, 6B). The Imlay 1980 Imlay , 1981 Imlay , 1986 White 1994; White and Vallier 1994; Schmidt et al. 2009 a Recent work suggests that the red tuff of Pittsburg Landing thickens considerably to the northeast and is a regionally persistent stratigraphic unit (map unit JPsd of Garwood et al. 2008; R. Lewis, pers. comm., 2009 Imlay 1980 Imlay , 1981 Imlay , 1986 ; table 1) and is present in the upper plate of a thrust fault that structurally overlies and thus is likely older than the fluvial unit ). Data presented here are only from the Idaho side of Pittsburg Landing.
Methods
Sampling Strategy. Our sampling strategy for U-Pb detrital zircon analysis, Sm-Nd isotopic analysis, and high-precision U-Pb geochronology was designed to (1) define the depositional age of key rock units, (2) test proposed regional correlation of the CHF with Middle Jurassic rocks of the John Day region, (3) evaluate potential provenance links of the CHF to continental and arc-related sources, and (4) evaluate provenance links to other rocks of the western United States (sample location information is in table 2).
We targeted two volcanic units of pyroclastic origin from the Pittsburg Landing locality for chemical abrasion isotope dilution thermal ionization mass spectrometry (CA-ID-TIMS) U-Pb zircon geochronology to establish eruption and depositional ages for the surrounding strata (figs. 4, 6C). In the uppermost volcanic horizon of the red tuff unit, immediately below the fluvial unit unconformity, we sampled densely welded quartz and plagioclase-phyric rhyolite tuff (07BM06) with strongly flattened pumice fiamme. In addition, we collected a sample from approximately 100 m above the base of the fluvial unit from normally graded, hornblende-phyric, lithic lapilli tuff (07BM05) containing subangular to subrounded millimeter-to centimeter-scale volcanic clasts in a tuffaceous matrix with abundant accretionary lapilli.
For detrital zircon analysis, we collected four 5-10-kg samples of sandstone ( fig. 4) . At the type locality, we collected fine-grained, thinly laminated volcaniclastic lithic arenite from near the base of the lower flysch unit (sample 06048) and mediumgrained, thin-bedded chert-grain lithic arenite from the top of the upper flysch unit (sample 07024). At Pittsburg Landing, we collected medium-grained volcaniclastic lithic arenite from the uppermost fluvial unit (sample 07005) and medium-grained, thinbedded chert-grain lithic arenite from the top of the marine unit (13NM064B). We also collected 0.25-kg samples of fluvial and marine mudrock for Sm-Nd analysis and sandstone samples for petrographic analysis to assess the relationship between sandstone petrofacies and detrital zircon ages ( fig. 4) .
Analytical Procedures. U-Pb zircon geochronology by CA-ID-TIMS was conducted at Boise State University following the methods of Schmitz and Davydov (2012) . High-precision U-Pb zircon results are presented on conventional Wetherill concordia diagrams ( fig. 9 ) and in table 3. Rapid-acquisition U-Pb detrital zircon analysis was conducted by laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) at Washington State University following the method of Chang et al. (2006) . U-Pb detri- tal zircon ages are illustrated on relative probability and Tera-Wasserberg plots ( fig. 10 ) and in the supplementary data (available online). For determination of isotopic composition of Sm and Nd ( fig. 11 ; table 4), fresh samples were ground to !30-mm powder, and Sm and Nd were separated following the methods described in Vervoort and Blichert-Toft (1999) and in Gaschnig et al. (2011) . The isotopic compositions of these elements were analyzed on a ThermoFinnigan Neptune multicollector ICP-MS at Washington State University (see Gaschnig et al. 2011) .
Depositional Age Assessment. The potential for a short or a long lag time between crystallization and deposition of the youngest detrital grain(s) in a sample renders the assessment of depositional age from detrital mineral data inherently problematic (i.e., a maximum depositional age). We assessed our samples' depositional ages by comparing published faunal ages to the mean age and standard error of the youngest mode of the detrital zircon probability distribution function obtained by deconvolution using the mixture-modeling approach (Sambridge and Compston 1994;  i.e., Unmix function of IsoPlot/ Ex 3.00 [Ludwig 2003] ). This approach is analogous to the youngest graphical age peak of Dickinson and Gehrels (2009) but includes a statistical assessment of the margin of error. We consider the youngest age mode of a probability density estimate of the data (i.e., the youngest multigrain estimate of central tendency) to be the most conservative, robust, and unbiased estimator of maximum depositional age from detrital data. Unfortunately, maximum depositional ages assigned on the basis of the youngest single grain in a sample cannot be reasonably compared with the chronometric time scale, which is itself generated from estimates of central tendency (cf. Schmitz 2012). Another crystal produced a slightly (ca. 0.3 Ma) but resolvably older date interpreted as biased by minor inheritance. The weighted mean age is within the Sinemurian stage (Early Jurassic) and is interpreted as the eruption and deposition age of the tuff bed.
The sample of lapilli tuff (07BM05) from ∼100 m above the base of the fluvial unit (figs. 4, 6C, 9B) produced a relatively small amount of zircon, from which 10 crystals were selected for CA-ID-TIMS. Four grains yielded a range of older, concordant ages from 235 to 172 Ma, which are obviously inherited. The remaining six analyses fall into two barely resolvable clusters; all six grains yield a weighted mean of 160.16 5 0. Detrital Zircon Geochronology. Our sample from the type locality at the base of the CHF lower flysch unit ( fig. 10A , sample 06048), contains a multimodal U crystallization age are represented by gray ellipses on Concordia diagrams and by gray error bars on weighted mean plots. Open, black-outlined ellipses and error bars were not used in any age calculation. All errors are shown at 2j. The gray band set behind each group on the weighted mean plots represents the calculated weighted mean of those analyses and its associated 2j uncertainty. The youngest deconvolved mode of the probability distribution is 154 5 2 Ma (Tithonian).
Finally, medium-grained chert-grain sandstone from the uppermost beds in the CHF at Pittsburg Landing ( fig. 10E, 
Discussion
Early Jurassic Depositional Age of Red Tuff. We report two new Early Jurassic, Sinemurian ages for the red tuff. The age of 196.82 5 0.06 Ma on welded tuff from the top of the unit is within the mean and standard error (197 5 1 Ma) of the youngest mode of the probability distribution from our corresponding detrital zircon sample (figs. 9B, 10C). The correspondence between CA-ID-TIMS and LA-ICP-MS zircon geochronology from the same unit indicates synmagmatic deposition and slight reworking of volcanic deposits. These results substantiate use of the youngest mode present in a detrital sample as an estimator of maximum depositional age from samples bearing zircon grains with ages approximating the time of host sediment accumulation (cf. Dickinson and Gehrels 2009 ). In such cases, the most conservative, robust, and unbiased estimator of maximum depositional age from detrital data is the youngest age mode of a probability density estimate of the data (i.e., the youngest multigrain estimate of central tendency).
Depositional Age of the CHF. The age of oldest CHF deposits can be estimated from the youngest detrital zircon age mode in basal marine turbidites at the type locality and from CA-ID-TIMS ages on interbedded tuff in basal fluvial rocks at Pittsburg Landing ( fig. 8 ). These units are age correlative, indicating that deposition of the CHF began ca. 160 Ma (Late Jurassic, Oxfordian) at both locations. This represents both a maximum depositional age and a minimum age for (1) uplift and erosion of the underlying Wallowa terrane and (2) subsequent transgression of fluvial and marine rocks of the CHF (fig. 8 ).
These new data, combined with new Early Jurassic age estimates for the red tuff (see Northrup et al. 2011) , indicate that the angular unconformity that truncates the red tuff at Pittsburg Landing and rocks of the Seven Devils Group at the type locality represents a significant hiatus of approximately 37 m.yr. (figs. 4, 5A). The minimum duration of sedimentation of the CHF can be estimated using correlative chert-grain sandstone in the uppermost beds of the CHF at the type locality (148 5 1 Ma) and Pittsburg Landing (150 5 2 Ma; fig. 8 ). These maximum depositional age estimates indicate that CHF deposition continued until at least ca. 150 Ma (Late Jurassic, Tithonian) at both locations. Thus, deposition of the CHF spanned a 10-m.yr. period from 160 to 150 Ma during Late Jurassic time.
All available geochronological data contradict and refute previous faunal estimates of a Middle Jurassic (Bajocian) to early Late Jurassic (Oxfordian) depositional age of the CHF (see also Northrup et al. 2011 ). We do observe in situ corals as thin, encrusting bioherms on rocks of the Late Triassic Wallowa terrane (Wild Sheep Creek Formation), and these bioherms appear to be the same taxa identified by Stanley and Beauvais (1990) ; however, at these locations the corals are also observed to be reworked as clasts within overlying fluvial conglomerate of the CHF ( fig. 5F ). Therefore, for the CHF, Middle Jurassic would be a detrital faunal age and, importantly, not a depositional age (cf. detrital faunal ages in LaMaskin et al. 2011a ). This interpretation is consistent with descriptions of the corals as "broken, rounded, and reworked . . . heavily bored" (Stanley and Beavais 1990, p. 353 ; see also White 1986, p. 116-118) . Our field observations suggest that the thin, encrusting biostromes may, in fact, represent a period of Middle Jurassic deposition but that the inferred Middle Jurassic depositional age of the overlying CHF is inaccurate. All available U-Pb zircon geochronology shows clearly that the entire CHF is younger than Middle Jurassic age ( fig. 8) .
Provenance of the CHF. In the basal transgressive lower flysch unit ( fig. 10A, sample 06048 fig. 12 ; e.g., Wright and Fahan 1988; Hacker et al. 1995; Walker 1995; Irwin and Wooden 2001; Irwin 2003; Payne and Northrup 2003; Day and Bickford 2004; Allen and Barnes 2006; Unruh et al. 2008; Tumpane 2010; Northrup et al. 2011; Schwartz et al. 2011a Schwartz et al. , 2011b Barth et al. 2012) . The record of Jurassic magmatism in the BMP, both detrital and magmatic, is analogous to widespread concurrent magmatism in other terranes of the western US Cordillera.
Our two detrital zircon samples from the chertrich upper flysch unit at the type locality (07024) and chert-poor volcaniclastic sandstone near the top of the fluvial unit at Pittsburg Landing (07005) contain a very similar age distribution ( fig. 10B,  10C) . The large contribution of volcanic cover rock ages suggests a continued Wallowa terrane source area during transgressive sedimentation. In both samples, the dominance of syndepositional grain ages of ca. 160-150 Ma suggests that an active magmatic arc source also contributed to sediment provenance. Finally, our sample from the youngest beds in the CHF at Pittsburg Landing (sample 13NM064B; fig. 10E ) includes a large proportion of Wallowa terrane arc basement and volcanic cover rock ages. Again, a large number of syndepositional grain ages suggests input from and proximity to active magmatic arc sources during deposition.
In all of our CHF samples, detrital zircon ages close to the depositional age are consistent with a magmatically active convergent plate margin setting, and zircon ages reflecting arc basement and volcanic cover rock are consistent with an extensional back-arc or intra-arc setting (Cawood et al. 2012) . Our samples do not include Archean, Proterozoic, or early Paleozoic detrital zircon grains and thus do not reflect recycling of older Baker or Izee terrane rocks, as would be expected during a Late Jurassic arc-arc collision (cf. Dickinson 1979 Dickinson , 2004 Avé Lallemant 1995; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b Schwartz et al. , 2014 .
The e Nd values ranging from ∼2 at ca. 160 Ma to ∼5 at ca. 150 Ma ( fig. 11 ) are interpreted to record the increased input of juvenile arc detritus during Late Jurassic time, consistent with detrital zircon age distributions dominated by Permian-Triassic and Middle-Late Jurassic ages (i.e., young arc detritus and no Precambrian ages).
Regional Implications. Both of our new Early Jurassic ages for the red tuff unit are considerably older (∼25 m.yr.) than previous Middle Jurassic estimates that were based on stratigraphic position beneath Middle Jurassic (Bajocian) corals (Stanley and Beauvis 1990; White et al. 1992; White 1994; White and Vallier 1994; Schmidt et al. 2009 ). Recognition of an Early Jurassic depositional age for the red tuff unit requires that red tuff magmatism in the Wallowa terrane is neither Middle Jurassic nor associated with deposition of the CHF. Rather, red tuff magmatism is coeval with deposition of the upper portions of the Hurwal Formation ( fig. 4 ; Schmidt et al. 2009) , and deposition of the red tuff unit is best considered in the context of crustal processes that formed the basin in which the Hurwal Formation was deposited. LaMaskin (2007, 2008) suggested that Hurwal Formation deposition is related to flexural subsidence caused by a Molucca Sea-type arc-arc collision during Late Triassic-Early Jurassic time in the greater Blue Mountains region. In this model, structural interaction and deformation of the facing accretionary wedges of the Wallowa and Olds Ferry arcs resulted in crustal thickening, uplift, and growth of a doubly vergent thrust belt in the Baker terrane subduction complex that propagated into and disrupted the flanking forearc basins. Subsequent deepmarine deposition of the Hurwal Formation records migration of a flexural foredeep basin northwestward across the region (present coordinates). Fluvial conditions during this same time at Pittsburg Landing indicate differential subsidence in the Blue Mountains region with significant areas both above sea level and under deep-marine conditions in Early Jurassic time. These observations are consistent with an interpretation of Late Triassic-Early Jurassic crustal thickening and associated lithospheric flexure in the region during arc-arc collision (see Dorsey and LaMaskin 2007; LaMaskin et al. 2011b) . We suggest that the angular unconformity between Middle Triassic through Early Jurassic volcanic rocks and the overlying CHF records tilting and erosion in the Wallowa terrane that we infer resulted from a Late Triassic-Early Jurassic offshore arc amalgamation event.
These new ages from the red tuff at Pittsburg Landing indicate that magmatism was active in the Mountains, Klamath Mountains, and Sierra Nevada. The probability distributions for igneous ages from the Blue Mountains, Klamath Mountains, and Sierra Nevada represent the likely distribution of ages that would be resolved using the laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) method in a detrital sample representing each source area. These probability distributions were created by first compiling each of the 206 Pb /238 U ages that were reported from individual intrusive bodies in the cited publications. Then an error estimate of 3.6% (2j; the mean error in our LA-ICP-MS analyses) was applied to each of these ages to render a probability distribution that is representative of that which might be expected were they measured in a detrital sample eroded from a pluton. Note that by design this method includes grains that may have been excluded from the final interpreted age in the cited publications; those analyses would not be excluded in a representative detrital sample. Magmatic pulses of the Sierra Nevada are represented by p1 and p2 (Barth et al. 2012 ).
Wallowa terrane during Early Jurassic time (Tumpane 2010; Northrup et al. 2011) . Early Jurassic magmatism in the interval ca. 200-180 Ma is also well represented in rocks of the Olds Ferry and Izee terranes in eastern Oregon (LaMaskin et al. 2011b ). In the Huntington, Oregon, region, rocks of the informal Jett Creek member of the Weatherby Formation contain abundant Early Jurassic detrital zircon grains and lack Precambrian ages ( fig. 13 ). In the John Day region, sandstone in the Keller Creek shale is characterized by a single major distribution of Late Triassic-Early Jurassic grains (ca. 218-181 Ma; peak at 195 Ma) with a low percentage of Mesoproterozoic and Paleoproterozoic grains (LaMaskin et al. 2011b ). We consider the concurrent Early Jurassic magmatism in both the Wallowa and the Olds Ferry-Izee terrane to further signify a link between Blue Mountain lithotectonic assemblages by Late Triassic-Early Jurassic time (see Tumpane 2010) .
Our new data also demonstrate that the CHF is not correlative with Middle Jurassic sedimentary rocks in the John Day, Oregon, region, as proposed in previous studies (fig. 14; Pessagno and Blome 1986; White et al. 1992; Vallier 1995; Dickinson 2004 Dickinson , 2008 LaMaskin 2007, 2008; LaMaskin et al. 2008a ). In addition to the depositional age difference, the CHF and Middle Jurassic deposits of the John Day region contain dissimilar detrital zircon age distributions ( fig. 14) . Thus, tectonic models for the evolution of the BMP that assume a regional Middle Jurassic overlap assemblage must be revised in light of this finding. Furthermore, the term "Izee basin" (Smith et al. 1980; LaMaskin et al. 2009; Schwartz et al. 2011b) should not include the CHF; the term should be restricted to megasequence 2 Early and Middle Jurassic sedimentary rocks, including the Mowich Group and the Snowshoe, Trowbridge, and Lonesome Formations in the John Day region and the Weatherby Formation in the Huntington, Oregon, region (see also Dennet Creek limestone and Bill Hill shale in Payne and Northrup 2003) .
The pronounced scarcity of pre-late Paleozoic grains in our CHF samples (3% of all grains were older than 260 Ma) contrasts sharply with data from Late Permian through Middle Jurassic deposits in the more inboard terranes of the Blue Mountains, which contain abundant early to midPaleozoic, Proterozoic, and Archean grains (Alexander and Schwartz 2009; LaMaskin et al. 2011b ). This could be interpreted to mean that (1) the Wallowa terrane portion of the BMP was situated in an offshore oceanic setting ca. 160-150 Ma during Coon Hollow sedimentation or (2) despite a previous link to a source of older grains, BMP depocenters became isolated from cratonal and/or recycled sources by Late Jurassic time (ca. 160 Ma). Comparison of our data to regional western US data leads us to prefer scenario 2 (see below).
Deposition of the CHF ca. 160-150 Ma indicates that these strata are coeval with other well-studied Late Jurassic basins of the western United States; thus, our sedimentary provenance data are best interpreted through comparison with observations from other western US locations ( fig. 15 ). Numerous authors have recognized a discontinuous belt of Jurassic-Cretaceous clastic turbiditic strata in the western United States. Broadly, these locations include two distinct depositional intervals, the oldest of which occurred during Late Jurassic time from the Middle Oxfordian to the end of the Tithonian stage (∼160 to 145 5 1; Cowan and Brandon 1981; Garver 1988; McClelland et al. 1992; Miller and Saleeby 1995; Pessagno 2006) . This Late Jurassic interval includes the Mariposa and Galice Formations in the Sierra Nevada and Klamath Mountains, respectively; the Ingalls graywacke in the northwestern Cascades; and rocks of the Fidalgo Complex, Lummi Formation, Constitution Formation, and Easton Metamorphic Suite in the San Juan Islands of Washington.
Below, we briefly review the age, lithology, and provenance of these western US basins for comparison to our new data from the CHF. The Mariposa Figure 13 . Illustration comparing U-Pb detrital zircon ages from the Keller Creek shale (John Day region) and Weatherby Formation (Huntington, OR, region) to the chemical abrasion isotope dilution thermal ionization mass spectrometry (CA-ID-TIMS) and laser ablation inductively coupled plasma mass spectrometry ages of the red tuff unit at Pittsburg Landing.
Formation crops out in a 250-km-long, north-southtrending belt in the western foothills of the southern Sierra Nevada (fig. 15; Saleeby 1982; Bogen 1984; Snow and Ernst 2008; Ernst et al. 2009 ). The Mariposa Formation was deposited on the Late TriassicEarly Jurassic Peñon Blanco arc, proximal to North America (Bogen 1984; Snow 2007; Snow and Ernst 2008) . Accumulation of the Mariposa Formation began no later than ca. 160 Ma and ended ca. 153 Ma, as shown by a SIMS U-Pb zircon age from a hypabyssal intrusive that crosscuts and metamorphoses the unit (Ernst et al. 2009 ). These thick-bedded deep-marine turbidites have undergone severe internal deformation attributed to the Nevadan orogeny (sensu stricto; syndepositional structural compression ca. 155 5 5 Ma; Snoke 1977; Saleeby et al. 1982; Harper and Wright 1984; Schweickert et al. 1984 Schweickert et al. , 1999 Wyld and Wright 1988; Tobisch et al. 1989; Harper et al. 1994; Hacker et al. 1995; Snow 2007; Dickinson 2008) . While some have argued for Late Jurassic collision of an exotic arc as a mechanism for the Nevadan orogeny (e.g., Moores 1970; Schweickert and Cowan 1975; Day et al. 1985; Ingersoll and Schwieckert 1986; Moores et al. 2002) , many workers now agree that the Nevadan orogeny (sensu stricto) was noncollisional, affected only suprasubduction-zone rocks, and resulted from subduction of a seafloor spreading center (e.g., Shervais et al. 2005) or changes in convergence rate and direction of subducting lithosphere (e.g., Wright and Fahan 1988; Ernst 1990; Hacker et al. , 1995 Harper et al. 1994) . Detrital zircon grains from the Mariposa Formation represent 60% Mesozoic ages (ca. 175-160 Ma), with lesser Paleozoic, Proterozoic, and Archean ages interpreted as a transcontinental Ouachita-Appalachian provenance enriched by southwestern US and active early Mesozoic Cordilleran arc sources (LaMaskin 2012) or as derived from the eastern Klamath terranes, the Paleozoic miogeocline of Nevada, and the Sierra Nevada arc .
The Galice Formation is an Upper Jurassic sedimentary succession ( fig. 15 ; ca. 157-150 Ma) in the western Klamath terrane of the Klamath Mountains, Oregon and California (Snoke 1977; Harper 1984; Wyld 1985; Wyld and Wright 1988; Harper et al. 1994; Frost et al. 2006; MacDonald et al. 2006; Pessagno 2006) . Numerous studies document a trend of increasing chert grains with stratigraphic height in the Galice Formation (Harper 1980; Norman 1984; Wyld 1985; Wyld and Wright 1988; MacDonald et al. 2006) . While some debate regarding collision of exotic terranes continues (e.g., Schwieckert and Cowan 1975; Moores et al. 2002) , many workers agree that the Galice basin formed as a result of intra-arc extension of a west-facing Middle Jurassic arc, which resulted in formation of the ca. 164-162 Ma Josephine ophiolite, leaving portions of the remnant Middle Jurassic arc stranded to the east (Snoke 1977; Saleeby et al. 1982; Harper and Wright 1984; Wyld and Wright 1988; Harper et al. 1994; Hacker et al. 1995; Yule et al. 2006 Yule et al. , 2009 . The Galice succession overlies and is genetically related to both the ca. 160-157 Ma Rogue-Chetco arc complex and the Josephine ophiolite. At the end of deposition, the Galice basin was structurally compressed and overthrust by older terranes of the Klamath Mountains during the Late Jurassic Nevadan orogeny (sensu stricto; Snoke 1977; Saleeby et al. 1982; Harper and Wright 1984; Hacker et al. 1995) . Detrital zircon ages from the Galice Formation represent a bimodal age distribution of ca. 153 and 227 Ma grains with a minor Protero- zoic component MacDonald et al. 2006) .
Currently located north of the Blue Mountains, the Ingalls ophiolite-graywacke complex is exposed in the northwestern Cascades province of Washington and represents a northern equivalent of the Josephine ophiolite of California and Oregon, offset to its current location by dextral plate-boundary fault offset ( fig. 15 ; e.g., Brown and Blake 1987; Garver 1988; Metzger et al. 2002; Miller et al. 2003; Wyld et al. 2006; LaMaskin 2012) . The upper portions of the sedimentary succession are poorly dated as Late Jurassic, Oxfordian-Kimmeridgian in age. Chert-rich lithic wacke yields a bimodal detrital zircon age distribution with modes ca. 153 and 223 Ma .
Finally, in the San Juan Islands of Washington, rocks of the Fidalgo Complex, Lummi Formation, Constitution Formation, and Easton Metamorphic Suite are related to one another and have been interpreted to represent marginal basins that are correlative with terranes in the western Klamath Mountains ( fig. 15 ; Galice Formation; Saleeby and BusbySpera 1992; Anderson and Mahoney 2006; Brown and Gehrels 2007) . These units include chert-rich lithic wacke, and each bears detrital zircons with a prominent age mode ca. 155-148 Ma and minor Late Triassic ages (Brown and Gehrels 2007) .
Rocks of the Galice Formation (and the offset Ingalls ophiolite-graywacke complex), as well as the correlative Mariposa Formation, have long been recognized as deposits of marginal basins that evolved proximal to the North American continent, bearing xenocrystic zircon, Precambrian detrital zircon, and negative e Nd values in whole-rock argillite samples (fig. 11; Armstrong and Dick 1974; Snoke 1977; Harper 1980 Harper , 1984 Saleeby et al. 1982; Harper and Wright 1984; Wright and Wyld 1986; Miller and Saleeby 1995; Frost et al. 2006; MacDonald et al. 2006; Snow and Scherer 2006; Yule et al. 2006; Snow and Ernst 2008; LaMaskin 2012) . Each of these units except the Mariposa Formation contains an increasing chert-grain component with stratigraphic height and detrital zircon age distributions that are essentially identical, with abundant Middle-Late Jurassic ages, lesser amounts of Triassic ages, and a low number of Precambrian ages ( fig. 15C) .
Age, lithology, and provenance data show that the CHF, Galice Formation, Ingalls graywacke, Fidalgo Complex, Lummi and Constitution Formations, and Easton Metamorphic Suite all represent dismembered remnants of a Late Jurassic marginal basin system on the western US plate margin and support the paleogeographic reconstructions of Wyld and Wright (2001) and Wyld et al. (2006) . The coeval Mariposa basin, in the southern Sierra Ne- vada, bears a dissimilar provenance that represents sediment derivation from a largely Middle Jurassic magmatic arc (ca. 175-160 Ma ages) as well as from previously collided arcs or continental sources during Late Jurassic time LaMaskin 2012) . This is consistent with the southward position of the Mariposa Formation ( fig. 15B ) and suggests that a broad area of suprasubduction extension acted to isolate the Klamath and Blue Mountain regions from cratonal sources of sandsized detritus, while the Mariposa basin maintained an active sedimentary connection to the North American craton.
Timing of Wallowa Terrane Accretion and Deformation. Deposition of the CHF occurred proximal to western North America beginning in Middle Oxfordian time, ca. 160 Ma (early Late Jurassic). The ∼37-m.yr. hiatus between deposition of the Pittsburg Landing red tuff unit and the CHF spans the period when the Wallowa terrane was accreted to western North America . Beneath this unconformity, Wallowa terrane sedimentary and igneous rocks show an intraoceanic character in detrital zircon ages, Sm-Nd isotopic values, and trace element geochemistry (LaMaskin et al. 2008a (LaMaskin et al. , 2008b Kurz et al. 2011; this study) . Above the unconformity, ca. 160-150 Ma rocks of the CHF bear clear ties in age, lithology, and provenance to rocks of western North American affinity.
Accretion of the outboard Wallowa terrane prior to 160 Ma is consistent with pre-Late Jurassic accretion in all major Paleozoic-Mesozoic terranes of the western United States. In the Klamath Mountains, widespread Middle Jurassic plutons of the Wooley Creek suite stitch previously accreted preLate Jurassic terranes and indicate that any ocean basin that lay between the western US plate margin and offshore Triassic-Jurassic island arcs had closed by the end of Middle Jurassic time (e.g., Wright and Fahan 1988; Wright and Wyld 1994; Allen and Barnes 2006; Barnes et al. 2006; Dickinson 2008; Ernst et al. 2008; Ernst 2015) . Although accretion timing may be more ambiguous in the Sierra Nevada on the basis of the ages of stitching plutons (see the review in Dickinson 2008), numerous interpretations suggest that accretion was complete by the end of Middle Jurassic time (e.g., Dilek et al. 1988; Sharp 1988; Dilek 1989; Edelman and Sharp 1989; Herzig and Sharp 1992; Girty et al. 1995; Miller and Saleeby 1995; Godfrey and Dilek 2000; Snow and Scherer 2006; Snow 2007) . In particular, the most outboard Sierran terrane, the Western belt, is interpreted to have been sutured to North America specifically by ca. 160 Ma (Day and Bickford 2004) . Accretion of the Wallowa terrane (and the previously amalgamated BMP) was part of pre-Late Jurassic regional accretion recorded throughout the western United States.
Prior interpretations of initial BMP terrane accretion at ∼118 Ma Snee 1988) and 135-130 Ma (Fleck and Criss 1985; Criss and Fleck 1987; Snee et al. 2007 ) are based on 40 Ar/ 39 Ar ages in hornblende and biotite in the Salmon River belt and likely represent metamorphic cooling ages (see Selverstone et al. 1992 ). They do not constrain the timing of terrane accretion but instead record stages in the metamorphic evolution of the Salmon River fold-thrust belt during Sevier-age crustal deformation and orogenesis. In our interpretation, garnet core zones that permit an early metamorphic event at 144-136 Ma (Getty et al. 1993 ) represent postcollisional events associated with growth and early evolution of the nascent western US ocean-continent subduction system.
Arc-continent collision is not recorded by penetrative deformation in exposed rocks of the Wallowa terrane, which were in a supracrustal, fluvialto deep-marine setting during accretion or in rocks of the adjacent Salmon River belt, which have been strongly altered by subsequent magmatism, thrusting, and dextral shear. Analysis of BMP data in a regional context suggests that pre-Late Jurassic accretion of terranes by back-arc closure is recorded in rocks of northern Nevada (Black Rock terrane and Auld Lang Syne Group), and rocks of the BMP were subsequently translated ∼400 km north during Late Cretaceous time (e.g., Oldow 1984; Wyld and Wright 2001; Wyld 2002; Wyld et al. 2003 Wyld et al. , 2006 Dorsey and LaMaskin 2007; LaMaskin et al. 2011a ). Gray and Oldow (2005) recognized the preCretaceous accretion of the Wallowa terrane but suggested that the earliest deformation of Wallowa terrane rocks (interpreted to include the CHF) occurred between ca. 157 Ma (i.e., post-Oxfordian) and ca. 145 Ma. In contrast, we find that pre-Late Jurassic deformation of the Wallowa terrane is recorded by the regional angular unconformity beneath the CHF and that this regional deformation occurred between ca. 197 and 160 Ma. The most conservative interpretation of our detrital zircon data requires that deformation of the CHF into broad-to-tight, opento-overturned folds (see Schmidt et al. 2009 ) occurred after 148 5 1 Ma (Tithonian; oldest maximum depositional age estimate from our youngest sample). Using the age constraints of Gray and Oldow (2005) , postaccretion deformation may have occurred during a brief interval ca. 148-145 Ma, consistent with garnet growth ages in the adjacent Salmon River belt (Getty et al. 1993 The nature of the plate interactions that controlled the development of the western US plate margin from Permian to Cretaceous time has been the subject of much debate over decades of research. In the Sierra Nevada and Klamath Mountains, numerous authors recognize a major change in plate margin dynamics from a series of multiple trenches, microplates, fringing arcs, and basins in Early-Middle Jurassic time to a single-trench, east-dipping subduction system sometime in the Late Jurassic-Early Cretaceous periods, signaling the onset of an integrated, Andean-type geodynamic system (e.g., Monger and Price 1979; Jordan 1981; Harper and Wright 1984; Oldow et al. 1989; Burchfiel et al. 1992; Wright and Fahan 1988; Saleeby and Busby-Spera 1992; Coney and Evenchick 1994; Dickinson et al. 1996; DeCelles 2004; Ernst 2012 ; many others). However, apparent differences in the Late Jurassic geology between the Sierra Nevada, Klamath Mountains, and Blue Mountains have prevented development of a unified model for plate margin development. Recognition that the CHF formed in a Late Jurassic suprasubduction extension-related marginal basin directly ties the BMP to the Klamath Mountains during the time 160-150 Ma and fills a critical gap in our knowledge of plate interactions that controlled the development of the western US plate margin.
By 165-160 Ma, arc accretion had ended in all major terranes of the western United States (Harper and Wright 1984; Coleman et al. 1988; Wright and Fahan 1988; Hacker et al. 1995; Barnes et al. 2006; Dorsey and LaMaskin 2007) , and a period of postaccretionary subduction and extensional trench retreat began ca. 160-155 Ma ( fig. 16 ), when subduction along the western margin of the Klamath belts may have permitted plate convergence to continue following closure of the former back-arc region to the east and north (cf. the section titled "Backarc Geodynamics" in Dickinson 2006, p. 360-362) . Upper-plate extension rifted the Rogue-Chetco arc away from the Laurentian margin, forming the Jo- Figure 16 . New model for Jurassic tectonic setting and evolution of the Blue Mountains province (BMP). EarlyMiddle Jurassic accretion of the previously collided BMP terranes to the western North American margin was accomplished by closure of a marginal basin. Postaccretion tectonics include an early phase ca. 160-150 of trench retreat and associated mantle-derived magmatism, followed by trench advance and subsequent formation of an integrated, Andean-type geodynamic system (modified from LaMaskin 2007, 2008; LaMaskin et al. 2008a LaMaskin et al. , 2011a LaMaskin et al. , 2011b LaMaskin 2012 sephine ophiolite and overlying marine Galice Formation in the Klamath Mountains as well as the coeval Smartville ophiolite in the Sierra Nevada.
In the Blue Mountains, the Late Jurassic period of trench retreat is recorded by the lower CHF, and a remnant arc is represented by the Olds FerryIzee arc stranded to the east ( fig. 16) . In contrast to the Klamath Mountains and the Sierra Nevada, the Blue Mountains lack a Late Jurassic ophiolite succession, and the CHF does not show evidence for Late Jurassic penetrative deformation, as is seen in the Galice Formation. We do note that Late Jurassic deformation is widely recognized in other parts of the Blue Mountains (e.g., Avé Lallemant 1995; Schwartz et al. 2010 Schwartz et al. , 2011a Schwartz et al. , 2011b , and deformation may have been continuous with CHF deposition. We propose that suprasubduction extension was less pronounced in the north than in more southerly locations and that the Coon Hollow basin may have occupied a more inboard location than the Galice-Ingalls basin. As a result, the Blue Mountains lack a Late Jurassic ophiolite, and the CHF was not penetratively affected by outboard Nevadan deformation.
In this scenario, mantle-derived plutons ca. 162-157 Ma in the Blue Mountains (Schwartz et al. 2011a (Schwartz et al. , 2014 and the Klamath Mountains (Allen and Barnes 2006; Barnes et al. 2006) were emplaced during the Late Jurassic retreating phase, stitching the previous late Middle Jurassic deformation Barth et al. 2012) . Trench retreat was closely followed by trench advance during the Nevadan orogeny (sensu stricto), which resulted in closure of suprasubduction zone extensional back-arc basins and the cessation of sedimentation in the Blue Mountains. Initiation of the Great Valley forearc ca. 150 Ma in central California and southeastern Oregon suggests that a coherent forearc was established by early Late Jurassic time immediately following the Nevadan orogeny (sensu stricto; Ingersoll 1983; Surpless et al. 2006; Wright and Wyld 2006) . Subsequent crustal melts ca. 150-145 Ma in the Blue Mountains (Schwartz et al. 2011a (Schwartz et al. , 2014 and the Klamath Mountains (Allen and Barnes 2006; Barnes et al. 2006 ) represent crustal thickening associated with development of the nascent, integrated, Andean-type geodynamic system ( fig. 16 ).
As shown by LaMaskin (2012), numerous terrane assemblages of the western United States record this succession of tectonomagmatic events in sedimentary provenance, but recognition of the CHF as correlative to the Galice Formation requires a reinterpretation of the tectonic controls on sediment provenance ( fig. 17) . Early-Middle Jurassic sediments were derived from both craton and plate margin arc sources and were deposited in basins associated with a marginal basin regime (i.e., mixed Precambrian and Phanerozoic facies; LaMaskin 2012). The Late Jurassic (ca. 160 Ma) provenance change to plate margin arc-only sources (i.e., TriassicJurassic facies; LaMaskin 2012) is interpreted here to record topographic isolation and sediment overwhelming of the suprasubduction zone GaliceIngalls-Coon Hollow basin along a rapidly retreating plate margin (cf. LaMaskin 2012). Latest Jurassic to early Cretaceous sediments of the Basal Great Valley Group record a ca. 150-145 Ma return to both craton-derived and plate margin arc sources during initial Farallon plate subduction along the nascent Andean-type margin. Subsequent massive growth of the Sierran magmatic arc ca. 120 Ma isolated the forearc region from the craton, yielding a record of arc-region-derived sand (DeGraaff- Surpless et al. 2002; Barth et al. 2011 ). The integrated Andeantype geodynamic system underwent numerous cycles of advance and retreat (DeCelles et al. 2009 ) and lasted until ca. 20 Ma with initiation of the San Andreas transcurrent regime due to Farallon spreading center subduction (Atwater 1970; Dickinson 2008 ).
Summary and Conclusions
The CHF is a regional Late Jurassic sedimentary overlap assemblage that is not correlative with Middle Jurassic rocks of the John Day region. The radioisotopic provenance of the CHF indicates derivation from a Late Jurassic juvenile arc system and is virtually identical to the provenance of numerous other basins of a similar age along the western US Cordillera. Recognition of a North American provenance in the CHF shows that the Wallowa terrane substrate was accreted to western North America by or before ca. 160 Ma. The accreted lithosphere and superposed marine basin were part of a long belt of regional Late Jurassic (ca. 160-150 Ma) postaccretionary basins that formed during a brief period of trench retreat and suprasubduction zone extension immediately prior to establishment of the integrated, Andean-type convergent margin.
Recognition of a North American source for Late Jurassic sedimentary rocks in the Blue Mountains provides a critical link between the allochthonous Wallowa terrane and western North America and between the Blue Mountains and the Klamath Mountains and Sierra Nevada. Our observations clarify the timing (pre-Late Jurassic; ca. 160 Ma) and the nature (postaccretion trench retreat and advance) of the complex transition from an Early-Middle Jurassic marginal basin system to a post-150 Ma, integrated, Andean-type convergent margin. In the Blue Mountains region, westward expansion of Laurentia was accomplished by pre-Late Jurassic accretion of previously amalgamated pericratonic and intraoceanic arc terranes. The similarity of Late Jurassic sedimentary rocks in the BMP to numerous other western US basins suggests a margin-wide response to changing tectonic boundary conditions in an evolving convergent-margin setting. 
